Phylogenetic analysis using the gyrB sequence was performed to investigate the genetic relevance among 49 isolates of P. pneumotropica. In the phylogeny, the isolates were clearly classified into three groups as follows: group A for the isolates of biotype Jawetz derived from mice, group B for the isolates of biotype Jawetz derived from rats, and group C for the isolates of biotype Heyl. These results suggest that the gyrB sequence of P. pneumotropica differs between the isolates of two biotypes, and also between the isolates derived from mice and rats in the biotype Jawetz.
, very few reports have shown heterogenicity of genetic traits in field isolates.
Recently, the gene encoding the DNA gyrase subunit B protein (gyrB) sequence has been reported to be more useful than the 16S rRNA sequences for comparing closely related bacterial strains including members of the genera Acinetobacter [20] , Fusobacterium [9] , Mycobacterium [10] , Pseudomonas [19, 21] and Vibrio [17] . Furthermore, it was also reported that the phylogenetic distance based on gyrB sequences shows a close correlation with total genome homology analyzed by DNA-DNA hybridization in certain bacterial species [16] . In this study, we performed phylogenetic analysis using the gyrB sequence to investigate the genetic relevance among 49 isolates of P. pneumotropica. Pasteurella pneumotropica (P. pneumotropica) is an opportunistic pathogen in immunocompetent mice and rats, and it is known to cause clinical disorders in immunodeficient mice and rats [1, 3, 5, 6, 12, 13] . On the basis of these facts, it is considered to be a routine test item for laboratory mice and rats [7] . In routine tests, identification of P. pneumotropica has been performed based on its biological and genetic traits [2, 11, 18] . However, confusion has sometimes arisen in the identification of P. pneumotropica because of the very wide variety of biological and genetic traits [7] . In taxonomy, P. pneumotropica has been regarded as a heterogenous species containing several unclassified new species [15] . Although some reports have shown heterogenicity of biochemical traits in field isolates of P. pneumotropica Forty-nine isolates were collected from 8 facilities in Japan ( Table 1 ). All isolates showed Gram-negative coccobacillus and formed grayish-white or yellow, smooth, low convex colonies 3-5 mm in diameter on 5% horse blood agar. Identification and biotyping was performed by a biochemical test kit (ID test HN 20 rapid; Nissui Pharmaceutical Co., Tokyo, Japan) and fermentation test of L(+) arabinose and D(+) melibiose using phenol-red broth (Merck Ltd., Darmstadt, Germany). P. pneumotropica biotype Jawetz (ATCC35149) and P. pneumotropica biotype Heyl (CNP160) were used as reference strains. Actinobacillus ureae (ATCC29693) was also used as the organism of outgroups in the phylogenetic tree.
Chromosomal DNA of each isolate was purified by phenol-chloroform extraction and ethanol precipitation. The dried DNA pellets were dissolved in Tris-EDTA buffer (pH 7.5) and used as DNA templates. The partial coding region of the gyrB gene was amplified using the primers, UP1 (5'-GAAGTCATCATGACCGTTCTGCAYGCNGGNGG NAARTTYGA-3') and UP2r (5'-AGCAGGGTA CGGATGTGCGAGCCRTCNACRTCNGCRTCNGT CAT-3') [19] . DNA sequencing was performed by dideoxy chain termination methods using an ABI Prism BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, CA, U.S.A.) and sequence primers UP1S (5'-GAAGTCATCATGA CCGTTCTGCA-3') and UP2rS (5'-AGCAGGGTA CGGATGTGCGAGCC-3') [19] . Sequence reactions were analyzed on a PRIZM 310 Genetic analyzer (Applied Biosystems). The gyrB gene sequences were assembled with sequence analysis software, DNASIS (Hitachi Software Engineering Co., Kanagawa, Japan). The phylogenetic tree was created using the CLUSTAL W version 1.83 computer program and Tree View version 1.6.6 computer program by the neighbor-joining method. The stability of the grouping of the phylogenetic tree was assessed by 1,000 fold boot-strapping. The nucleotide sequence data of P. pneumotropica biotype Jawetz (ATCC35149), biotype Heyl (CNP160) and A. ureae (ATCC29693) will appear in the DDBJ databases with the following accession numbers: AB213398, AB213399 and AB213401.
The partial sequences of gyrB fragments from the two reference strains and all isolates were determined in the range of 1046 bp-1130 bp, and they were aligned and adjusted to 1,000 bp for construction of the phylogenetic tree. In the phylogenetic tree, the 49 isolates tested were clearly classified into three groups from A to C (Fig. 1 ). All isolates of biotype Jawetz derived from mice were classified in group A. All isolates of biotype Jawetz from rats were classified in group B, and all isolates of biotype Heyl were classified in group C. The degree of sequence similarity of the isolates in each group were A: 97.3-99.9%, B: 96.1-99.7% and C: 93.1-99.7%. These were higher than those of the isolates in different groups (A and B: 91.4-93.2%, B and C: 86.2-89.4%, A and C: 86.9-88.6%). Some regions of amino acid sequences showing differences among the isolates in each group are indicated for selected strains and isolates in Fig. 2 . These results suggest that the gyrB gene sequence of P. pneumotropica differs between the isolates of two biotypes, and also differs between the isolates derived from mice and rats in biotype Jawetz. Our recent study on the phylogenetic tree using 16S rRNA sequences of 35 strains of P. pneumotropica did not clearly classify the strains into groups that agreed with their derivations, although tendencies were observed [8] . Consequently, the gyrB gene sequence may be useful for subclassification of P. pneumotropica at the strain or isolate level.
The correlation between some housekeeping genes (atpD, infB, rpoB) and 16S rRNA genes at the species level were reported as low for P. pneumotropica in an evolutional study [4] . The correlation between the gyrB gene and 16S rRNA gene for P. pneumotropica at the species level has never been reported, and it can not be inferred from our limited study.
In this study, the genetic relevance of the gyrB genes among the isolates of P. pneumotropica was shown. Genetic information of P. pneumotropica at the isolate level is insufficient. Therefore, our results will be useful as genetic information for development of a new typing procedure for P. pneumotropica.
